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SUMMARY

A series of air-breathing missile cOnfigurationS has been investigated tO pro-

vide a data base for the design of such missiles. The model could be configured with
[!
_ either a single axisymmetric Or a two-dimensional inlet located at the bottom of the

!_ body. Two tail configurations were investigated: a tri-tail and an X-tail. The
_: tail surfaces Could be deflected to provide pitch control. A wing could De. located

Ii above the inlet on the center line of the model. Tests were made. at supersonic Mach

;: numbers with the inlet open and internal flow, and at subsonic-transonic Math numbers ._
_ with the internal duct closed and no internal flow .....

[,
At supersonic Mach numbers, the body-inlet and the body-inlet-wing configura-

_r tions were unstable longitudinally, had a negative pitching moment at an angle of

i" attack, _ of 0° but had a linear pitching-moment curve up to about _ = 10° . E_ne

I body-inlet-tail configuration was longitudinally stable, had a positive pitching
_. moment at _ = 0o, and also had a linear pitching-mOment curve up to abOut _ _ I0 °,

Ii Also at supersonic Mach numbers, the body-inlet-wing-tail configuration was longi-
_, tudinally stable, had a positive pitching moment at _ = 0°, and had a nonlinear

!/ pitching-moment Curve at low angles of attack. The body-inlet-wing-tail configura-

I: tion, with either inlet or either tail, trimmed at _ = 20 ° with -12 ° or less of

i . pitch-control deflection. However, the pitch-control effectiveneSS was greater with

_ the x-tail than with the tri-tail. Only with the x-tail was the body-inlet-wing-tail

,: configuration directionally stable for theentire angle-of-attack range, although the

!_ X-tail had a detrimental effect on the lateral stability Compared to the tri-tail .................

;i
i,_,. At subsonic-transonic Mach numbers, the nonlinearity of the pitching-moment.

i, curves for the body-inlet-wing-tail configuration was greater than at supersonic Mach

I numbers and was greatest for the X-tail configuration. _'ne body-inlet-wing-tail
configuration with the X-tail was stable both laterally and directionally for the

entire angle-of-attack range. At both supersonic and subsonic-transonic Mach num-

bers, the effect of inlet configuration was small.

INTRODUCTION _i
During the past several years, several air-breathing missile configurations have

been investigated in the Langley Unitary Plan Wind Tunnel. These include one-, two-,

and four-inlet configurations with various wing and tail arrangements. _'ne results 1
of these investigations have been reported in references I through 7. While the data _!

from these specific missile programs have contributed to an air-breathing configura- ]

tion data base, a broader data base is needed, to better predict the aerodynamic char- ]

acteristicS of candidate configurations and to better design an air-breathing con-

figuration to meet desired aerodynamic specifications. _herefore, to provide a

broader data base, a series of models has been designed and tested incorporating a
wider range of configuration variables.

T_e model could b_ ,onf_gured With either axisymmetric or two-dimem_ional (2-D)

single or twi_ inlets. _de single inlet was located, at the bottom of the body, while

th_ twin inlets could be located circumferentially from 90_ to 135 ° from the top

center. Two vertical Wing locations wer_ available to pmoperly locate the wing re la_

rive to the inlets at orientatio_ angles of 115 ° and 135 ° to provid_ favorable inter-
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ference between the wing and inlet at ppsiti_e angles Of attack. Tail surfaces could

be mounted on the inlet fairing and/or on fairings on the body to provide several

tail configurations. _e tail surfaces could be deflected to provide pitch control.

The 2-D inlets could be configured with extended compression surfaces in order to

• improve the angle-of-attack performance of the inlets for the-wingless configurati0n.

i The preSent investigation covers tests of the single-inlet configurations for

both axisymmetric and 2-D inlets at supersonic and subsonio-transonicMach numbers.

;: The results of the twin-inlet investigation are presented in references 8, 9, and 10.

Two tail configurations were investigated: a tri-tail and an X-tail. The tests

included body-inlet, body-inlet-wfng, body-inlet-tail, and body-inlet-wing-tail

configurations.
!:

The Supersonic tests were performed in the high Mach number test section of the

Langley Unitary Plan Wind Tunnel at Mach numbers of 2.50, 2.95, 3.50, and 3.95. To•

simulate ramjet operation, the inlets were operating with flow through themodel.

The subsonic-transonic tests were conducted in the 7- by 10-Foot Transonic Wind

Tunnel at the David Taylor Naval Ship Research and Development Center at Mach numbers

of 0.60, 0.80, and 0.95. To Simulate rocket boost, the internal ducts were closed

with no internal flow through the model.

Longitudinal aerodynamic characteristics, lateral-directional stability, pitCh-

control effectiveness, and trim characteristics were obtained.

SYMBOLS

The coefficients of forces and moments are referred to both the body-axis and

stability-axiS systems, where appropriate. Aerodynamic moments are taken about a

point on the model center line at a distance downstream of the model nose equal to

52 percent of the body length (fig. I). All coefficients are based on the cross-

sectional area and diameter of the body.

A cross-sectional area of basic bOdy, 0.00456 m2

Axial force

CA axial-force coefficient, qA

CA, i internal-flow axial-force coefficient, Internal-flOWqA axial force

CD drag coefficient, DragqA

Lift

CL lift coefficient, qA /AC\

C_ effectiw=-dihedral parameter, __-I_--) (_ = 00,5 ° at M < i; _ = 00,3 °at M > I)

Cm pitching-Moment coefficient, Pitchinq momentqAd
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N0rmal force

i CN nOrmal-force coefficient, qA .

I_i _(_._.) 3°_: Cn_ directional-stability parameter, (_ i 0°.,5° at M < I; _ e 0o,_' at M > I)

[:i_ Cy_ side-force parameter, _-_-) (_ = 0o,5 °" at M < I; _ = 0o,3 ° at M > I)

d .... body diameter, 0.0762 m.

_. L/D ... lift-drag ratio
_:. M free-stream Mach number

! M.S. model station

i m/m= inlet mass-flow ratio (ratio of inlet mass flow to mass flow at free-. stream conditions through a stream tube of cross-sectional area equal to .....

inlet projected area)

il. q free-stream dynamic pressure, Pa

x,y,yl,Y2,y 3 model coordinates (figs. I(c) and 1(d))

angle of attack, deg

angle of sideslip, deg

6 tail deflection in pitch directiOn, (positive deflection with leading

P edge up) deg

2-D two-dimensional (rectangular-type inlet)

Configuration designations (various CompOnents are shown in.fig. I):

, B I body

14 circular inlet (axisymmetric)

15 rectangular inlet (2-D)

15c rectangular inlet with inlet covers installed

TI tri-tail

T2 X-tail ...................

W I wing



MODEL DESCRIPTION -

Details of _e models are presented in figure I, and photographs in figure 2.

The body was an ogive cylinder approximately 14 diameters long. A single-inlet of.

either the axisymmetric or rectangular type (2-D)_ was located beneath the body and

separated from the body by a boundary-layer_ diverter. The internal duct extended

downstream of the inlet to a point where it would turn and •dump into.the combustor.

_ Beyond this point, the external geometry of the inlet consisted of a tapered_%i//_ng

extending back to the base.

if!; On the model, the duct dumped into a passage within the body •. The internal flow! was kept separate from the balance cavity to facilitate measurement of the i_ternal- "

i uct and balance-cavity axial-force and drag corrections. A rake at the exit of theinternal duct was used to measure flow conditions needed to compute the axial force!

d _

_/ due to internal flow.

The design of the inlets was identical to that of the twin inlets of refer-
ences 8, 9, and 10, except that the size of the single inlet was increased so that ~_ i

_ the total capture areas were the same (Capture area = 0.50A). The 2-D inlet had a

!_ boundary-layer bleed slot which removed the boundary layer from the compression sur-- i
face and dumped it overboard. The axisymmetric inlet had no boundary-layer control, i

!

The tail surfaces were attached to the body by means of fairings, which provided

the necessary support and repreSentedthe volume that would be required for the tail-

i _ control actuators. Two tail configurations were used: a tri-tail and an X-tail.
The tri-tail had a vertical surface at the top center and• horizontal surfaces at

circumferential locations of 90 ° and 270 °. The X-tail had four surfaces: two at the

upper 45 ° locations and two at the bottom 45 ° locations. For pitch control, the two

horizontal surfaces of the tri-tail were deflected, while all four surfaces of the

X-tail were deflected. Tail-surface deflections were measured in the pl&ne nQrmal tQ

the hinge line.

! TESTS

Supersonic Tests

The Supersonic part of the investigation was conducted in the high Mach number

test section of the Langley Unitary Plan Wind Tunnel at Mach numbers of 2.50, 2.95,

3.50, and 3.95. The tunnel is a variable-pressure continuous-flow facility having

two test sectionS each approximately 1.2 m Square and 2.1 m long. The noZzles lead-

ing to the test sections are of the asymmetric sliding-block type, which gives con-

tinuous.variation in the supersonic Mach number range. A description of the facility

is given in reference 11. A rake having eight total_pressure tubes and four static-

pressure tubes was used to measure the flow conditions at the internal-duct exit.

Base-pressuremeasurements were madewith Static orifices on the model base, and

balance-cavity pressures were measured with two static-pressure tubes attached to the

sting and terminating near the balance. ?orceS and moments were measured With a Six-

component, sting-mou_ted, Strain-gage balance. Separate runs were made for the

internal-flOw measurements; force data from these runs are not presented herein.

However, typical internal-flow data computed from these measurements are presented in
figure 3.

Tests were made at angles of attack ranging from about _5o to +20 ° . To obtain

lateral-directional stability, runs at angles of sideslip of 0° and 3o Were made.

4
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Angles of attack and sideslip were corrected for tunnel-flow angularity and for

deflection of the sting and balance due to aerodynamic loads. _le axial_force and

drag data were adjusted to free-stream Static preSSure acting over the model base and

balance chamber areas. An adjustment was made to remove internal drag,,• that is, the

drag associated with the Streamwise momentum and buoyancy of flow passing internally

from the free-stream to exit conditions. _ne Reynolds number was maintained constant

at 6.56 x 106 per meter. _ne stagnation dew point was maintained below 239 K to

avoid condensation effects.

All tests were made withthe boundary-layer transition point fixed by means of__

transition strips. The transition Strips were located 3.05 Cm aft of the 5ody nose

and 1.02 cm in a streamwise direction from the leading edges Of the wings, tail sur-

faces, and inlets. The transition strips consisted of No_ 35 sand grains indiv/du-

ally spaced.

Subsonic-Transonic TestS ........

i!/ _ The Subsonic-transonic part of the investigation was conducted in the 7- by

_ 10-Foot TranSonic Wind Tunnel at the David Taylor Naval Ship Research and Development

Center. The tunnel is a continuous-flow closed-loop facility capable of operating

over a Mach number range from 0.4 to 1.17 and a dynamic pressure range correSponding

to altitudes from sea-level to 40 000 ft. A description of the facility is given in

_ reference 12. The tests were performed at Mach numbers of 0_60, 0.80, and 0.95. !

The internal ducts were closed at the point where flow would enter the body, so i

that there was no internal flow for the subsonic-transonic tests. The tube used in !

the supersonic tests to separate the internal flow frOm the balance cavity was I
removed and the entire cavity was treated as a balance chamber. The cavity pressure

was measured by two static-pressure tubes attached to the sting, terminating near the

balance. Forces and moments were measured by a sting-mounted, six-compOnent balance

furnished by NASA.

Tests were made at angles of attack ranging from about -5 ° to +28°° Some runs

were terminated at lower angles of attack because of the balance limits. To obtain

lateral-directional stability, runs at angles of sideslip of 0° and 5° were made.

Angles Of attack andsldeslip were corrected for deflection of the sting and balance

due to aerodynamic loads. The axial-fOrce and drag data were adjusted to free-stream

static pressure acting over the model base, including the data measured in the bal-
ance cavity and at the internal-duct exit.

The Reynolds number of the tests was 8.5, 9.5, and 10.0 x 106 per meter at M&ch
numbers of 0.60, 0.80, and 0.95, respectively. All tests were made with the

boundary-layer transition point fixed by means of transition strips. The transition

strips were located 3.66 cm aft of the body nose and 1.78 Cm in a strea_ _se direc-

tion from the leading edges of the wing, tail surfaces, and inlets. The anSition

strips, 0.325 cm wide, consisted of No. 90 grit on the aerodynamic surfaces and
NO. 100 grit on the nose.

PRESENTATION OF RESULTS

The results of this investigation are presented in the figures listed in th_

following tables:
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Supersonic Maoh Numbers

The following table, lists figures presenting results of tests made at supersonic

Mach numbers with _/%e inlet open and internal flo_

i Ta l vo.o.!o ,feotmea.ured.Igure
L.

' Axlsymmetric inlet, 14

_. On-off T I 0 Model Components Longitudinal 4

I' 0n-off T 0 Model components LOngitudinal 5

I Off Varies 0 Tail Configuration I Longitudinal 6
i : On Varies 0 nil configuration Longitudinal 7

ii' Off T I Varies 6p Pitch-control effectiveness 8 ..
off T 2 Varies 6p Pitch_ontrol effectiveness 9

i i On T I Varies 6p PitCh-control effectiveness 10

' On T 2 Varies 6p Pitch-Control effectiveness' 11
On-off T I 0 Model components _teral,dlrectional , 12
On-Off T 0 Model components Lateral-directional -- 13

Off Varies 0 Tail conflquration Lateral-directi0nal 14

On Varies 0 Tail configuration Lateral-directional 15

[ Two-dimensional inlet, 15

Ii On-off T I 0 Model components Longitudinal 16On-Off T 0 Model Components Longitudinal 17

_:- Off Varies 0 Tail configuration Longitudinal 18

If: On Varies 0 Tail configuration Longitudinal 19

! Off T I Varies 6p Pitch-control effectiveness 20

i. Off T 2 Varies 6p Pitch-control effectiveness 21

i. On T I Varies 6p Pitch_ontrol effectiveness 22

On T 2 Varies 6 Pitch_ontrol effectiveness 23

I On-off T I 0 Model components- _teral-directional 24
i_ On-off T 0 Model components _teral-directional 25

Off Var_e8 0 Tail configuration Lateral-directional 26

!:. On Varies 0 Tail configuration Lateral_irectional 27

Subsonic-Transonic Mach Numbers

The following table lists figures presenting resultS of tests made at Subsonic-

!;. transonic Math numbers with the internal duct closed and no internal flow:

Wing I Tail 1 6p'Variabledeg Effect measured ]Figure, .,'j

Axls_metric inlet, 14

On-off T I 0 Model components Longitudinal 28
On-off T 0 Model components Longitudinal 29

off Varies 0 Tail confiquration Longitudinal 30

On Varies 0 nil configuration Longitudinal 31

Off T I Varies 6p Pitch-control effectiveness 32

Off T 2 Varies 6p Pitch_o,trol effectiveness 33

On T I Varies 6p Pitch-control effectiveness 34

On T 2 Varies 6p Pitch-co6trol effectiveness 35

On-off TI 0 Model components _teral-dlrectional 36
On-off T 0 Model components Lat_ral-directional 37

off Varies 0 Tall configuration _teral-directional 38

On Varies 0 Tail configuration _teral-directional 39

_Wo-dimensional inlet, 15 1

On-off TI 0 Model components Longitudinal 40

On T I 0 6p Pitch_ontrol effectiveness 4i
On-off T I 0 Model components _teral-d_rectional 42

Off Off Inlet cover Longitudinal 43

Off Off Inlet cover Lateral-dlrectional 44
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DISCUSSION OF RESULTS

Supersoni_ _ests ...........
i

_, The effects of the various model components On the longitudinal aerodynamic
characteristics are shown in figures 4 and 5 for the axiSymmetric inlet and fig-

I

i ures 16 and 17 for the 2-D inlet. With the assumed pitching-moment center location! (50 percent of body length), the model was unstable without the tail, and stable with

I either tail (TI or T 2) _ %_e pitching-moment curves were linear for the model without
/

i! tails up to about _ _ 10° and then at M = 2.50 the Slope decreased as the angle
of attack was increased further. As the free-stream Mach number was increased, the

_ curves tended to straighten and at M = 3.95 the slope increased as the angle of

i attack was.increased above about 12° . Yet, when either tail was added, without the

wing, the opposite occurred. The slope changed in the positive direction as the Mach: number _as increased at the high_angle-of-attack end of the curves.

Ii Without the tail, either with or without the wing, the model had a negative
pitching moment at _ = 0°. This effect was greatest for the axisymmetric-inlet

configuration, for which. Cm _ -I, while for the 2-D inlet, configuration, Cm _ -0.5.
Although longitudinally unstable at M = 2.50, the axisymmetric-inlet configuration

trimmed at _ = 2° and 4° with and without the wing, respectively, and the 2-D inlet

configuration trimmed at _ = 1° either with or without the wing. %_nese trim angles

of attack remained approximately consistent through the supersonic test Mach number

I range.

!!. The configurations with tails were longitudinally stable and had pitching-moment

_ increments at _ = 0° of about the same magnitude, as the cOnfigurationS withqut
I'_ tails, but Of the opposite sign. All configurations trimmed at small positive angles

ii_ of attack. The pitching-moment curves were linear, except fort the BII5T I configura-tion, for which the Slope Of the pitChing-moment curve tended to decrease (becoming

I less stable) at high angles of attack. Configurations BII4WIT I and BII5WIT I both had

a nonlinearity of the pitching-moment curves for a range of angle of attack near 0°. !

_i A better comparison of the effect of tail configurations is seen in figures 6 _i
and 7 for the axisymmetric-inlet configurations and figures 18 and 19 for the 2-D

inlet configurations. With the X-tail, T2, the nonlinearity of the pitching-moment I
_ curveS begins and ends at higher angles of attack than with the tri-tail, TI. _e

relatively small differences in longitudinal aerodynamic characteristics of the two

tail configurations without the wing are apparent as well as the relative .location of

the nonlinearities of the pitching-moment curves for configurations with the wing.

This effect occurs only with both the wing and the tail in place and can be assumed

to be a wing-tail interference effect. While these nonlinearities exist, they are

not as extreme as those encountered with the twin-inlet configurations of refer-

ences 8, 9, and 10.

To consider the effect of the various mode], componentS on the lift or normal

force, the pitch-control and trim characterSstics were consi@ered. Pitch-control

data are presented in figures 8 through 11 for the aXisymm_tric inlet configurations
and figures 20 through 23 for the 2_D inlet configurations and include loz%gitudinal !

characteristics with pitch-control deflection_ 6 of 0°, _I0 °, and -20 ° except j
Wh_re limited by balance liMitS or _od_l foullng, p

ConfigUrations BII4T I and BlisT I (figs. 8, 9, 20, and 21) trimmed at _ = 20 °

with 6p ) -20°, while £he configura£ion with _2' BII4T2 and BII5T2 , trimmed at

= 20° with m_ch less pitch-control d_flection, Wi_h 6p = -I0 °, tail T2 trimmed

7



_+ the model at about _ = 15° with 14,.and with T 5 from _ = 18° to 209 at M m 2.50
and 3.95, respectively. At _ = 209, the body-inlet-tail configuration with the

i_ axisymmetric inlet had a trimmed C. of about 4 at M _ 2.50 and 3.7+ at M = 3.95;

with the-2-D inlet, it+had a trimme_ CN of 5 and 4.2, respective_.y. These values
were independent Of tail configuration.

i"i Wlth the wing added (figs. 10, 11, 22, and 23), the iOngltudinal stability level

was decreased and less pitch control was required to trim the model at a given angle

of attack. COnfigurations BII W TI and BII5WIT I trimmed at _ = 20°+ with 6p > -12 °41 i
.... and the X-tail configuration had even greater pltch-contrO1 effectiveness. A%

= 20 °, the body-inlet-wing-tail configuration with the axisymmetric inlet had a

trimmed CN of about 9 at M ....2.50 and 7 at M = 3.95; with the 2-D inlet, it had

a trimmed CN of 10 and 8, respectively. As with the wing-off configurations, these
. values were independent of tail configuration.

+ The effect_of the various model components on the lateral-directional stability .........

_! characteristics is shown in figures 12 and 13 for the axisymmetric inlet and fig-I> •

!i_ ures 24 and 25 for the 2-D inlet. Without the tall the model was unstable both

+_ laterally and directionally, although the body-inlet configuration became direction+

_ ally stable at very high angles of attack (above about _ 16° ) Adding the tri-

tail, TI, resulted in a large increase in both lateral and directional stability.
At M = 2.50, the model became directionally stable up to about _ = 6° and later-

i ally stable up to about _ = 9° with the wing and = 5° without the with
wing,

t the values decreasing with increasing Mach number.

Ii_ Replacing T I with the X-tail, T2, increases directional stability not only at
! low angles of attack, but also at high angles of attack. The model was directionally

/+!_ stable for the entire range of angle• of attack with or without the wing. A direct

comparison of the two tail configurations is shown in figures 14+and 15 for the axi-
al+ symmetric inlet and shown in figures 26 and 27 for the 2-D inlet. Not only is a

[il large effect on directional stability apparent, but also the unfavorable effect of

I the X-tail on the lateral stability. With TI,+ there was a small range of angle of

attack near 0° at which there was a margin o_ lateral stability; however, at higher

angles of attack the model became unstable. With T2, the model was unstable later-
+ ally for the entire range of positive angle + of attack.

Comparison of the lateral-directional stability data of figures 12 through 15

with that of figures 24 through 27 shows that while there was a small difference in

individual data points and level of the data curves, the effects of inlet configura-

tion were generally small+and the overall trends were the same regardless of inlet

configuration.

Subsonic-Transonic Tests

The effect of the various model components on the longitudinal aerodynamic char-

acteristics are _bown in figures 28 and 29 for the axisymmetric inlet and figure 40

for the 2-D inlet. '_he trends for the body-inlet, body-inlet-wing, and body-inlet-

tail configurations were similar tO those at M = 2.50 at angl_s of attack up to

about 15°. With the body-inlet-wing-tail configuration, however, the nonlinearity of

the pitching-moment curves was greatly increased. _+ne result was that the model was

longitudinally unstable for a range of angle of attack near 0°; however, as the angle

of attack Was inor+ased, a decrease in slope Was apparent and the model became longi +

tudinally stable, while there was little effect of inlet configuration on the longi +

tudinal stability, the effect of tail configuration was Significant.

8



A compariSOn Of the effects of the two tail conflqurations is shown in fig-r

ures 30 and 31 with the axisymmetric inlet. Apparent in the figures are the extended

[: range-of angle of attack _tt whlch the X-tail configuration with the wing was unstable

;_: and the resulting difference in the trim angle of attack for 6p = 0°.0

With T2 the range of angle of attack at which the mode], was unstable was

i=i increased; and whereas the model with T. trimmed with 6_ = 0° at about _ = 11 °]

with T2 the trim angle of attack was about 16° . _he configuration with the wing had
- a break in the pitching-moment Curves and to a lesser extent in the normal-force ...........

_; curves at aboUt _ = 16° . The boost COnfiguration would not be expected to be

required to operat_ at angles of attack as high as 16° .
_i

A better comparison of the characteristics of the two tails can be Seen in fig_ ....

_._ ures 32 through 35 for the axisymmetric inlet and figure 41 for the 2-D inlet which <_
k show the trim and pitch-control effectiveness of the various configurations. Without

_, the wing and with inlet 14 and tail TI, pitch control was effective, but because of a

[ii_ high Stability level, the model trimmed at about _ =.8°0 Replacing TI with T 2

_i reduced the stability level and increased the pitch-control effectiveness; the model

i_: trimmed at about _ = 13°• Adding the wing to form configuration BII4WIT I resulted
_:: in trim characteristics that required positive pltch-control deflections for trim at

_r angles of attack less thanabout 12°. Figure 34 shows data for this configuration

!_ with ±10 ° of pitch-control deflection. A rough estimate would indicate tha_the
model would trim at _ = 0° with a pitch-control deflection of about +50 . At this

condition, the model would be slightly unstable longitudinally Increasing the angle
_.. •

LP of attack to about 4° or above, and the pitCh-control deflection to trim accordingly,

would render the model stable The data of figure 41, for the 2-D inlet configura-

_: tion, although for only -10 ° of pitch-control deflection, indicated a similar trend•

! With tail T2, however, configuration .BII4WIT 2 (fig. 35) had an extended range of
_! neutral _tability or slight inStability; and if the model was trimmed at angles of

attack of about 10° or less, the model would be neutrally stable or slightly unsta-

i. ble. The X-tail, T_, provided greater pitch-control effectiveness than the tri-tail,

T I, and the T 2 configuration was slightly less stable longitudinally than the TI
_ configuration.

The lateral-directional stability characteristics shown in figures 36 through 39

i:: for the &xisymmetric inlet and figure 42 for the 2-D inlet show trends similar to

those at supersonic Mach numbers. Whereas at supersonic Mach numbers none of the

configurations were stable both laterally and directionally, the configuration with '.I

the X-tail, BII4WIT2, was at subsonic-transonic speeds. Whereas the x-tail config-
uration became unstable laterally at high angles of attack at supersonic Mach num-

bers, the same configuration at subsonic-transonic Mach numbers retained a small 'I

margin of lateral stability throughout most of the angle-of-attack range. Consider-

ing the lateral-directional stability characteristics both at supersonic Mach numbers

with the inlet open and at subsonic-transonic Mach numbers with the inlet closed, the

X-tail configuration would be a preferred configuration. 1

The effect of inlet covers on the lateral-directional stability of the 2-D inlet

configuration, shown in figures 43 and 44, was insignificant.

CONCLUDING REMARKS

A series of air-breathing missile configurations has been investigated to pro-

vide a data base for the design of such missil_S. The model could be uonfigured with

either a single aXisymmetric or a two-dim_nsional inl_t located at the bottom of the
I

9
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body. Two tall configurations were investigated: a tri-tall and an X-tail. ,lhe

ta_l surfaces could be deflected to provide pit0h control. A wing could be located j
above the inlet oS the model center line. Tests were made at supersonic Mach numbers

with the inlet open and internal flow, and at subsonic-transonic Maeh numbers wi£h
the internal duct closed and no internal flow.

As _ result of the investigation the following general trends may be observed:
ij
i:
_ I. At supersonic Maeh numbers, the body-inlet and the body-inlet-wing configure-

! tions were unstable longitudinally, had a negative pitching moment at an angle of
_: attack _ of 0°-but had a linear pit.ching-moment curve up tO about _ = I0°.

2. At supersonic Mach numbers, the body-inlet-tail configuration was iongitudi-
E_

I nally stable, had a positive pitching moment at _ = 0°, and had a linear pitching-
_i moment curve up to about _ = I0° .

[i 3. At supersonic Mach numbers, the body-inlet-wing-tail configuration was longi-

i tudinally stable, had a positive pitching moment at _ = 0°, and had a nonlinear

_i pitching-moment curve at low angles ofattack, i
/

_ii 4. At supersonic Mach numbers, the body-inlet-wing-tail configuration, with

! either inlet or either tail, trimmed at about _ = 20° with -12 ° or less of pitch-

ril control deflection. However, the pitch-control effectiveness was greater with the

i_i X-tail than with the tri-tail.

/ 5. Only with the x-tail was the body-inlet-wing tail configuration directionall_

i stable for the entire angle of attack range, although the X-tail had a detrimental

i effect on the lateral stability compared to the tri-tail.

_ 6. At subsonic-transonic Mach numbers, the nonlinearity of the pitching-moment

Ii curves for the body-inlet-wing-tail was greater than at supersonic Mach numbers and

was greatest for the X-tail configuration.

7. At subsonic-transonic Mach numbers, the body-inlet-wing-tail configuration

with the X-tail was stable both laterally and directionally for the entire angle-of-

attack range.

8. At both supersonic Mach numbers and subsonic-transonic Mach numbers the

_ effect of inlet configurations was small.

Langley Research Center

National Aeronautics and Space Administration

Hampton, VA 25665

November 17, 1982
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Figure 24.- Effect of various model components on lateral-directional

stability for 2-D inlet with T1.
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Figure 32.- Pitch-control effectiveness of configurat]on BII4T I with
internal duct closed.
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(b) M = 0.80.

Fiqure 34.- Continued.
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(b) t_r_nt"ltl_tolt,

1.'iqtii't, 34.- L_ot_tJllll# ",4 ,
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(c) M = 0.95.

Fiqure 34.- Continued.
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(c) Concluded.

Figure 34.- Conclude_.
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(a) M = 0,60.

Figure 35.- Pitch-control effectiveness of congiguration BII4W1T2 with internal
duct closed.
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(b) H = 0.80.

Figure 35.- Continued.
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(b) Continued.

Fi_zre 35.- ContLnu_.
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(b) Concluded.

Fiqure 35.- Continued.
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(c) Continued.

Fi_zre 35.- Continued.
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(c) M = 0.95.

Figure 36.- Concluded.
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(a) M = 0.60.

Fiqure 37.- Effect of various model components on lateral-directional stability for

axisymmetric inlet with T 2 and internal duct closed.
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(a) M = 0.60.

Fiqtlre 38.- Effect of tail configuration on lateral-directional stability for
a×isymmetric inlet with winq off and internal duct closed.
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(b) M = 0.80.

Viqure 38.- Continued.
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(a) M = 0.60.

stability for

Figure 39.- Effect of tail confiquration on lateral-directional
a_s.mme_rlc^__ _ _ inlet with wing on and internal duct closed.
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(b) M = 0.80.

Fiqure 39.- Continued,
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(a) M = 0.60.

Fiqure 40.- Effect of various model components on lonqitudinal aerodynamic

characteristics for 2-D inlet with T I and internal duct closed,
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(a) Concluded.

Fiqure 40.- Continued.

334



ORIG|NAL-PAGEl_
OF pOOR QUALITY

335



't

(b) Cont inued_

_iclnre 40.- Cont.inned.
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(c) Concluded,

Figure 40.- Concluded.

340





ORIGINAL PP_,'_'_IS
OF pOOR QUALITY

+, ,I ; 0 ,I t', _ It' L" 14 It+ I,_ .'_+ .'i+'

c i

(a) (_ntinue,_,
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(a) Concluded.

Fiqure 41,- Continued.
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(b) Concluded.

Fi_Dlre 41.- Continued.
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(c) Continued.

Fi_zr_ 41.- Contin_led,
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(a) M = 0.60.

Figure 42._ Effect of various model components on lateral-directional stabilit_ _or

2-D inlet with T I and internal duct closed.
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(a) M = 0.80.

Figure 43.- Effect of inlet covers on longitudinal aerodynamic characteristics _or

2-D inlet with internal duct closed.
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(a) Continued.

Figure 43.- Continued.
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(b) Continued.

Figure 43.- Continued.
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(b) Concluded,

Figure 43.- Concluded.
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(a) M -_0.80.

Figure 44, _ Effect of inlet covers on lateral-directional stability for
2-D inlet with internal duct closed.
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(b) M = 0.95.

Figure 44.- Concluded.
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